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Table 1. The minimum inhibitory concentration (MIC) and the minimum bacteriocidal concentration (MBC) values
of free nano-ZnO and nano-ZnO loaded nanoliposomes prepared by thin layer hydration sonication (Thin) and heat
method (Therm) with the different ratio of lecithin: nano-ZnO (5:1, 15:1 and 25:1 w/w), against Escherichia coli
(ATCC 2592) and Staphylococcus aureus (ATCC 25923). Different letters indicate statistically significant
differences at (p < 0.05).

Antimicrobial Microorganisms type
agents Escherichia coli (ATCC 2592) Staphylococcus aureus (ATCC 25923)
MIC value MBC value MIC value MBC value
Free nano-ZnO 15.27*+0.07 20.00*+0.07 7.59%+0.07 15.15%*+0.07
Therm 5:1 6.66 "+ 0.07 13.34°+0.07 6.66 "+ 0.07 6.65°+0.14
Therm 15:1 533°+0.14 10.65°+0.14 2.65°+0.14 5.32°+0.08
Therm 25:1 2.659+0.08 5.319+£0.08 1.329+0.08 2.65%+0.02
Thin 5:1 6.66°+0.07 13.34°+0.07 6.66°+0.07 6.65°+0.03
Thin 15:1 533°+0.14 10.65°+0.14 2.65°+0.14 532°+0.15
Thin 25:1 2.659+£0.08 5.319+£0.08 1.329+0.08 1.32°+0.10
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Fig. 1. Time-kill graph of free nano-ZnO and nano-ZnO loaded nanoliposomes prepared by thin layer hydration
sonication (Thin) and heat method (Therm) with the different ratio of lecithin: nano-ZnO (5:1, 15:1 and 25:1 w/w)
against E. coli (ATCC 2592) at MIC value of free nano-ZnO and nano-ZnO loaded nanoliposomes prepared by
Therm (A) and Thin (B) and MBC value of free nano-ZnO and nano-ZnO loaded nanoliposomes prepared by Therm
(C) and Thin (D). In all figures “Control” means growth without any antimicrobial agent.
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Fig. 2. Time-kill graph of free nano-ZnO and nano-ZnO loaded nanoliposomes prepared by thin layer hydration
sonication (Thin) and heat method (Therm) with the different ratio of lecithin: nano-ZnO (5:1, 15:1 and 25:1 w/w)
against Staphylococcus aureus (ATCC 25923) at MIC value of free nano-ZnO and nano-ZnO loaded nanoliposomes
prepared by Therm (A) and Thin (B) and MBC value of free nano-ZnO and nano-ZnO loaded nanoliposomes
prepared by Therm (C) and Thin (D). In all figures “Control” means growth without any antimicrobial agent.
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ABSTRACT

ARTICLE INFO

The objective of this study was to in-vitro investigation of antimicrobial
activity effect of nano-ZnO loaded nanoliposomes at different level of
lecithin: nano-ZnO ratio (5:1, 15:1, and 25:1 w/w) against Escherichia coli
(ATCC 2592) and Staphylococcus aureus (ATCC 25923). Nano-ZnO
loaded nanoliposomes were prepared through thin layer hydration
sonication and heat methods. The minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) of nano-ZnO loaded
nanoliposomes and free nano-ZnO against Escherichia coli and
Staphylococcus aureus were determined and their antimicrobial activities
were evaluated by time- kill curve analysis. Results showed that the
encapsulation of nano-ZnO in nanoliposome systems significantly
increased antimicrobial activities of them by increasing their penetration
into the microbial cell. Nano-ZnO loaded nanoliposomes were prepared
through thin layer hydration showed higher antimicrobial activity
compared to those prepared by heat method. From the time- kill curves, the
log phase growth of Escherichia coli (8 hours) and Staphylococcus aureus
(7 hours) in the medium containing nano-ZnO loaded nanoliposomes
prepared through the thin layer hydration sonication at the highest level of
lecithin: nano-ZnO ratio (25:1 w/w) at MIC and MBC values decreased to
5 and 4 hours and to 2 and less than 1 hours, respectively.
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